Thus, given the importance of music reading to music performance and given its distinct nature, music reading deserves study in its own right. Yet, Sloboda (1978) noted with regret the neglect of the topic among scientists and educators despite its status as an integral aspect of music perception and performance (Sloboda, 1984). Since that time, music reading has still not enjoyed the attention paid to other areas of music research (for exceptions, see a review by Lehmann & McArthur, 2002) . We know relatively little about how music reading is acquired and implemented and we know relatively little about its brain organization.
vertical distance and direction of the elements indicate pitch changes; there is no parallel involvement of vertical direction and distance in text reading. Another critical difference concerns pace. Unlike text reading, the notation of a musical score contains information about duration that must be decoded to realize the music as the composer intended; text reading has no such information or constraints on pace to derive the meaning intended by the author. In sum, according to Sloboda (1980) , space and time play different roles in music and text reading.
Thus, given the importance of music reading to music performance and given its distinct nature, music reading deserves study in its own right. Yet, Sloboda (1978) noted with regret the neglect of the topic among scientists and educators despite its status as an integral aspect of music perception and performance (Sloboda, 1984) . Since that time, music reading has still not enjoyed the attention paid to other areas of music research (for exceptions, see a review by Lehmann & McArthur, 2002) . We know relatively little about how music reading is acquired and implemented and we know relatively little about its brain organization.
In this paper, we focus on one aspect that has in particular escaped scientific analysis -music-reading defi- Table 1 presents 16 representative cases of musicreading deficiencies -all single case studies -that were published in the last 25 years (for earlier reports, see Judd, Gardner & Geschwind, 1983) . The number is not great and reports may be scarce for several reasons.
MUSIC-READING DEFICIENCIES AND BRAIN DAMAGE

Music and text reading
First, there are no standard tests of music reading with control data from healthy professional musicians. In other words, there is no available routine battery for assessment. Second, patients may rarely mention musical difficulties as the first complaint. More attention is likely paid to other difficulties, with music being a point of concern only if the difficulties interfere with resumption of professional activities. Finally, evidence of a full-blown pre-morbid skill, against which to assess possible damage, may be difficult to obtain. Thus only a small proportion of brain-damaged musicians may be represented in the literature. In any case, all these possibilities suggest why there are few published cases of musicians with music reading difficulties and why these cases are usually descriptive. Acquired dyslexia designates joint reading and writing difficulties after brain damage. In all cases the terms reflect subdeficits of aphasia. Parallel terms for the acquired difficulties of reading and writing music after brain injury are music alexia and music agraphia, respectively, as subdeficits of amusia. To our knowledge, the term acquired music dyslexia, designating joint reading and writing difficulties after brain damage, has never been used.
A considerable literature has addressed the question of association between aphasia and amusia, with the underlying idea that if they can be dissociated, music and language must enjoy functional autonomy.
Although associations are often found (for a review, see Marin & Perry, 1999) , an increasing number of studies have found selective sparing of musical abilities in presence of aphasia (Godefroy, Leys, Furby et al., 1995; Laignel-Lavastine & Alajouanine, 1921; Mendez, 2001 
Components of music reading
Music reading involves a number of operations or components that in principle may be separable at a neuropsychological level (Peretz & Zatorre, 2005) . Here we discuss the music-reading components described as pitch, rhythm, and symbol reading (see Table 1 ).
The term "symbol" is reserved here for those elements that are neither pitch nor rhythm indicators-elements such as dynamic markings (e.g., ff), articulation (e.g., staccato), and clefs (e.g., the G clef symbol).
Fine-grained dissociations exist within these musicreading abilities. According to the table, some patients have difficulty with only one of these components. Again, the logic of double dissociation may be applied. For example, patients who could not read rhythm very well could still read pitch (in the G clef, Midorikawa et al., 2003; Schön et al., 2001 ). In another case, the patient could not write rhythm alone but could still write pitch and rhythm . More often, however, the reverse pattern was reported. Patients who could not read pitch could still read rhythm (Brust, 1980, Case #1; Fasanaro et al., 1990; Horikoshi et al., 1997; Judd et al., 1983; Kawamura et al., 2000) .
Two further studies reported note-naming difficulties of a different n ature. In the first, the patient, a conductor with expressive aphasia, could not name notes, but was still able to play them (Basso & Capitani, 1985) . As he was also able to conduct from the score, it is likely that his naming difficulties represented a secondary consequence of his aphasia rather than a pitch-naming problem per se. In the second case, a pitch-reading problem revealed a peculiar difficulty in taking into account the clef rule in the F clef only. Although the patient systematically switched the F clef notes to G clef notes during naming, she was able to play notes in the F clef, and was able to name notes in the G clef (Schön et al., 2001 ).
Music symbol identification, when evaluated, was sometimes found disrupted (Brust, 1980, Case #2; Judd et al., 1983; Levin & Rose, 1979; Midorikawa et al., 2003; Schön et al., 2001 ) but was not tied to either pitch-or rhythm-reading problems in particular (Basso & Capitani, 1985; Brust, 1980, Case #1; Cappelletti et al., 2000; Fasanaro et al., 1990; Kawamura et al., 2000; Stanzione et al., 1990) .
These findings suggest that reading music symbols is dissociable from pitch and rhythm reading.
Difficulties in reading music have been found in association, or not, with other music abilities such as playing, enjoying, recognizing, or learning new music by ear. Some musicians with music-reading deficiencies had other music disturbances (Judd et al., 1983; Levin & Rose, 1979 ) while others did not (Basso & Capitani, 1985; Brust, 1980, Case #1) .
Anatomical correlates
Perhaps one of the most consistent and precise data are the anatomical correlates of music-reading difficulties in brain-damaged musicians. It is evident from Table 1 
MUSIC-READING DEFICIENCIES DURING LEARNING
Consideration of the brain-damage findings leads to the following hypothesis: Developmental music dyslexia, defined as difficulty with learning to read music despite normal intelligence and opportunities, should be identifiable and should exist as an entity separate from text dyslexia. Moreover, deficits in music reading should be viewed within a framework that allows any component to be disturbed, with the possibility that the immaturity or lack of development of any of these components is a potential locus of deficit. Thus, a further hypothesis is that difficulties with learning to read music may be related either to pitch, rhythm, or symbol reading, or any combination thereof.
Text dyslexia, similarly defined as a difficulty with learning to read despite normal intelligence and opportunities, is a well recognized problem and has stimulated much research in past decades. Music dyslexia has been mentioned as worthy of notice only recently in a scientific editorial (Gordon, 2000) . Gordon (2000) proposed that although the inability to read a musical score may result from a cerebral lesion it may also occur as a develop-viewed within a theoretical framework that incorporates the knowledge gained from brain-damage studies. Pitch and rhythm in music reading, for example, may be decoded independently, a profile reminiscent of the proposed independence of pitch and time perception based on brain-damage studies (Peretz & Kolinsky, 1993) . If so, it is also plausible that pitch and rhythm may involve several subcomponents similar to those subsumed under pitch and time in perception and production (Peretz & Coltheart, 2003) . If so, pitch modularity would subsume contour, interval, and tonality.
TOWARD A MODEL OF MUSIC READING
Rhythm, a term used in the above studies to encompass the overall notation of time in music, would be further delineated as duration/tempo, grouping, and meter under the general rubric of temporal organization.
As well as incorporating the studies reported above, the model must include output considerations. Schön,
